PrP and PrP RES were detergent extracted from 1.0-g specare members of a group of transmissible, genetically influ-imens as previously described. 5, 8, 11 Nearly all brains were enced, neurodegenerative diseases known variously as unconventional slow virus infections, prion diseases, or spon-tested in triplicate using separate brain stem, midbrain, and cerebellum samples. To adapt WI to a diagnostic laboratory giform encephalopathies. [4] [5] [6] [7] 14 Laboratory diagnosis of these environment, several technical modifications were made. Each human and animal diseases has, until recently, depended tissue was homogenized in 20 ml of 25 mM TRIS a buffer, solely upon neurohistopathologic examination and labora-pH 7.4, containing 10% (w/v) N-lauroyl sodium sarcosinate tory rodent inoculation. 2, 4, 9, 14 The histopathologic approach is often inconclusive, particularly with autolyzed specimens, characteristic electrophoretic banding pattern in the range of and the inoculation procedure may require many months before clinical and pathologic changes become manifest. Ab-15-34 kilodaltons (kD). normal proteinase K (PK)-resistant forms of a highly con- 5, 11, 12 served host encoded protein termed prion protein (PrP) have
served host encoded protein termed prion protein (PrP) have
The presence of PK-resistant been found in the brains of humans and animals dying of spongiform encephalopathies.
PrP (PrP RES ) has been used as a biochemical marker for the 5, 8, 11, 13 These proteins exhibit a (sarcosyl) detergent. a The homogenate was centrifuged at 6 C for 30 minutes at 2,000 x g, and the resulting supernatant was ultracentrifuged at 6 C for 2 hours at 220,000 x g. All subsequent processing of the ultracentrifuge pellet was conducted in 1.7-ml microcentrifuge tubes b for reasons of speed and economy, and a microultracentrifuge c was employed to reduce centrifugation times. The ultracentrifuge pellet was with vigorous agitation at 37 C in a 25 mM TRIS buffer, pH 6.8, containing 10% (w/v) NaCl and 1% (w/v) sarcosyl. The residual particulates were collected after each wash by a 20-vortex disrupted and washed twice for 30 minutes each time presence of these diseases. 3, 5, [11] [12] [13] Our objective was to develop minute 25,000 x g centrifugation. The washed pellet was a diagnostic western immunoblot (WI) procedure to detect All sheep brains were first examined histopathologically. The following 4 findings were considered necessary for a PrP RES and to compare WI with histopathology on known positive diagnosis of scrapie: status spongiosis, neuronal vacuolation, neuronal necrosis, and astrocytosis. 7, 9 Two British-infected sheep and cattle brain specimens, negative control specimens from a closed flock, and specimens from sheep in which histopathologic findings were inconclusive. then disrupted and treated with a high concentration of PK (75 µg/ml) d in wash buffer for 30 minutes at 37 C to eliminate all except PrP RES . Protease activity was terminated by adding 2.5 mM phenylmethylsulfonyl fluoride (PMSF). a The mixture was made to 80% (v/v) formic acid by adding 100% formic acid, incubated on ice for 2 hours, and dried under vacuum, leaving only a very small pellet to be dissolved and loaded onto the gel in sample loading buffer. 10 This procedure saved many hours by reducing washing and ultracentrifuorigin bovine brain stem specimens were derived from cattle gation times and by exposing the washed material to a relthat died of BSE in Great Britain. These had been histo-atively high concentration of PK at 37 C for a short time. pathologically diagnosed as positive for BSE in that country Formic acid treatment improved WI sensitivity about 4-fold (Dr. Mark Robinson, Agricultural Research Service, USDA, as previously reported. 5 Pullman, WA, in cooperation with the Central Veterinary Precast miniaturized 10-15% gradient polyacrylamide gels e Laboratory, Weybridge, Surrey, Great Britain, personal com-were used for automated sodium dodecyl sulfate polyacrylmunication). Ovine negative control brain stems were histopathologically negative and originated from lambs born into a closed flock with no clinical or epidemiological evi- animals in known scrapie-infected commercial flocks. Ovine and bovine specimens were randomly coded and tested by WI using a blind study design.
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Received for publication November 7, 1991. amide gel electrophoresis e and rapid semi-dry electroblotting of separated proteins onto 50-mm nitrocellulose squares. f, 10 Immunodetection was performed using donated primary rabbit anti-hamster PrP RES or rabbit anti-synthetic PrP RES peptide antibodies g,h,1,3,13 (1:1,000 dilutions of each) and a commercial biotinylated anti-rabbit immunoglobulin G (IgG) antibody streptavidin-alkaline phosphatase conjugate system-d The anti-hamster PrP RES antibody had been prepared using PrP RES extracted from brains of hamsters infected with the 263K strain of scrapie. 13 The anti-synthetic PrP RES peptide antibody had been prepared using an immunogen made by coupling the peptide hapten to keyhole limpet hemocyanin (KLH) carrier protein. 1, 3 The peptide corresponded to the 15 amino acids numbered 89-103 inclusive in the hamster PrP RES amino acid sequence. 1, 3 WI generated no false-positive diagnoses and 1 false-neg- -4) . Specimens in lanes 2-4 exhibit clearly detectable PrP RES . Rabbit origin anti-synthetic PrP RES peptide primary antibody was used at 1:1,000 dilution. The use of a particular manufacturer's product does not constitute an endorsement on behalf of the USDA.
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ative diagnosis relative to histopathology (Table 1) . WI results of brain stem, midbrain, and cerebellum samples were always consistent for any given animal, although positive brain stem and midbrain specimens often produced stronger signals than did the corresponding cerebellum. Both BSEpositive specimens h and a negative control were correctly identified by WI, even though these specimens were in a state of advanced autolysis when tested. The BSE PrP RES pattern appeared much like the ovine pattern (Fig. 1) . The WI and histopathologic diagnoses of scrapie in sheep brains were in good agreement when at least 3 of the 4 pathologic criteria were observed ( Table 2 ). As fewer criteria were met, that agreement weakened, but a number of histopathologically inconclusive specimens contained easily detectable levels of PrP RES (Fig. 2) .
WI analysis for PrP RES may help confirm a diagnosis of spongiform encephalopathy when histopathologic examination is inconclusive or unwarranted as a result of postmortem autolysis. Controlled animal inoculation studies will ultimately be helpful in resolving discrepant WI and histopathologic results and in determining the sensitivity limit of WI, which is particularly important for scrapie and BSE among the spongiform encephalopathies because the concentration of PrP and PrP RES is reportedly much lower in sheep and cattle than in the usual laboratory animal model species. 4 Both methods together may provide greater diagnostic certitude than either method alone. WI may offer immunochemical verification or lack thereof to a diagnosis of BSE, should the presence of that disease be suspected in the United States. 5, 9 Sources and manufacturers a. Sigma Chemical Co., St. Louis, MO. b. PGC Scientifics, Gaithersburg, MD.
